IMPORTANCE Few studies have investigated levels of mortality in patients with attention-deficit/ hyperactivity disorder (ADHD), and findings have been inconsistent and lacking information on specific causes of deaths.
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental disorder with an estimated worldwide prevalence of 7.2% among children and adolescents. 1 In 60% of individuals, symptoms of ADHD persist into adulthood. 2 Attention-deficit/hyperactivity disorder has been found to be associated with a range of adverse outcomes, including worse academic achievement, other mental disorders, substance use disorders, criminality, unemployment, and increased health system costs and use. 3 Associations between ADHD and adverse physical health-related outcomes, 4 such as diabetes 5 and traumatic brain injury, 6 have also been described.
Despite functional impairments and adverse health consequences associated with ADHD, investigations of mortality associations are scant, although all suggest higher risk. [7] [8] [9] For example, Barbaresi et al 7 reported a standardized mortality ratio of 1.88 among patients with ADHD, although this was not statistically significant (95% CI, 0.83-4.26; P = .13). The Danish population-based cohort study by Dalsgaard et al 8 described a 2-fold higher mortality rate in individuals with ADHD compared with those without it (mortality rate ratio, 2.07; 95% CI, 1.70-2.50), and London and Landes 9 showed similar results, with an adjusted odds ratio of 1.78 (95% CI, 1.01-3.12). A 33-year follow up study 10, 11 of 207 boys with ADHD and 178 boys without ADHD and showed higher injury deaths among the boys with ADHD (10 of 207 vs 1 of 178; P = .01). However, shortcomings of previous studies have included insufficient number of deaths for cause-specific analysis, 7-11 short follow-up periods, 9 and limited capacity to adjust for important potential confounders such as comorbid psychiatric disorders. 7, 9 Understanding specific causes of mortality, including natural, unintentional injury, suicidal, or other injury causes of deaths, may provide insight for further definite interventions to reduce the risk of mortality in patients with ADHD. Hence, we designed this study to investigate and compare the risks of both overall and cause-specific mortality after controlling for possible confounders in people with or without ADHD who were identified using a large population-based data set.
Methods

Samples
The government of Taiwan initiated a nationwide health insurance program-the National Health Insurance-on March 1, 1995 
Study Variables
The main outcome measure for our cohorts was all-cause mortality. Deaths due to suicide, unintentional injury, homicide, and natural causes were also extracted as variables of interest.
Because suicide mortality statistics are often underestimated and misclassified, suicide was defined as having ICD-9 codes E950 to E959 (suicide) and E980 to E989 (injury undetermined whether accidentally or purposely inflicted). Mortality due to unintentional injuries was defined as ICD-9
codes E800 to E949. Mortality by homicide was defined as ICD-9 codes E960 to E969. Mortality by natural cause was defined as having causes other than suicide, unintentional injury, and homicide. served as an indicator of medical service use, was also a covariate and was classified into 3 categories:
(1) 0 to 10, (2) 11 to 20, and (3) 21 times or more in a year.
Statistical Analysis
The risk of total and sex-specific mortality during the follow-up period was calculated through survival analysis. The time function was calculated as the number of years from the index date to the 
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Results
Characteristics of ADHD and Control Groups
A total of 275 980 study participants with ADHD and 1 931 860 comparison participants without ADHD were identified. Table 1 depicts the demographic and clinical characteristics of the 2 groups.
The mean (SD) age was 9.61 (5.74) years for both groups. Most of the participants were male Table 2 shows unadjusted comparisons of total and sex-specific mortality between the ADHD and non-ADHD groups. The cumulative all-cause mortality rate in those with ADHD was significantly higher than in the non-ADHD comparison group (Figure 2) . The crude mortality rate for the ADHD group was also significantly higher than that for the non-ADHD group ( homicide (adjusted HR, 2.00; 95% CI, 1.09-3.68). However, no significant association was found between ADHD and mortality from natural causes after full adjustment ( Table 3) .
Unadjusted (Univariate) Analysis
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Discussion
In what we believe to be the largest sample evaluated to date, we investigated associations of ADHD with both all-cause and cause-specific mortality, incorporating adjustments for multiple potential confounding factors. Our overarching finding was that injury rather than natural-cause mortality was higher in individuals with ADHD than in a comparison cohort. Although unintentional injuries accounted for the highest number of deaths from injury causes, the highest excess risk of mortality in the ADHD group was for suicide.
Our finding of an association between ADHD and all-cause mortality is consistent with those reported by previous studies. 8, 9 However, another study by Barbaresi et al 7 reported no increased risk of mortality among patients with ADHD, with standardized mortality ratios of 1.88 (95% CI, 0.83-4.26; P = .13).
Our finding for higher injury mortality was also similar to that reported by Dalsgaard et al. 8 The longest follow-up study 10 also showed higher rates of injury deaths among boys with ADHD than in a comparison group (10 of 207 vs 1 of 178; P = .01), but the low sample size cannot allow for further multiple analysis to control confounders or detect the separate effect of different types of injuries.
On investigating cause-specific mortality further, we found that the ADHD group had higher suicide, unintentional injury, and homicide mortality rates than the comparison group. Previous studies have failed to identify a statistically significant risk of unintentional deaths in ADHD, 7,9 although they have been limited by sample size. For example, the standardized mortality ratio was 1.70 (95% CI, 0.49-5.97) in the study by Barbaresi et al, 7 with only 3 deaths due to unintentional injuries in their ADHD cohort. That study 7 also showed significantly increased suicide deaths in patients with ADHD, but the authors were not able to adjust for confounding factors such as comorbidity. Some studies 8,9 have shown that demographic characteristics (eg, age and sex) and psychiatric comorbidities, such as oppositional defiant disorder, conduct disorder, and substance use disorder, partially account for the risk of death in individuals with ADHD. In our study, after full adjustment for sociodemographic variables and comorbid psychiatric diagnoses, associations with natural-cause mortality were attenuated to near-null values, but increased risk for suicide or unintentional injury deaths held even when we controlled for comorbidities such as depression.
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Underlying mechanisms associated with increased injury deaths in patients with ADHD, and the possible mitigating effects of treatment, warrant further investigation. Behaviors such as inattention, hyperactivity, and impulsivity may increase the risk of unintentional injuries, 15 and unintentional injuries might result from an underestimation of the consequences of risk-taking behaviors. Previous studies have also described increased traffic unintentional injuries in children with ADHD and other mental disorders, 8, 16, 17 and working memory impairment and impulsivity in ADHD could potentially be responsible. 18, 19 Medication use has been reported to have the potential to reduce such risks. 20 On the other hand, poor quality of life, lack of social support, and emotional dysregulation in children with ADHD were shown and may also be associated with increased risk of suicidal behaviors. 21 Potential sex differences were noted in our study, in that female patients with ADHD had significantly increased all-cause mortality risk in fully adjusted models, which was not present in male patients with ADHD. This finding is consistent with those of a Danish study 8 that reported higher mortality risk in girls and women than in boys and men. Referral bias might be a reason because female patients with ADHD have been found to be referred for further evaluation less often than male patients. 22 Therefore, women who receive a medical referral and receive a diagnosis of ADHD may present with much more severe behavioral symptoms and problems, thus accounting for greater mortality risk. In addition, girls with ADHD have been reported to receive less treatment with medication than boys, which may also contribute to their higher mortality risk. 8, 23 We found that men with ADHD were at a slightly increased risk of unintentional injury-related death compared with men without ADHD, a male predominance that was also previously reported for unintentional injury. 24, 25 However, other studies have not found sex differences in the risk of unintentional injuryrelated mortality in patients with ADHD. 20, 26 Although the risk of suicide-related mortality was significantly higher in patients with ADHD than in those without ADHD in our study, the absolute risk of mortality was low and suicide deaths were rare (n = 117), with natural-cause deaths (n = 408) and unintentional injury deaths (n = 188)
accounting for a substantially higher number of deaths than suicide in the ADHD cohort. One previous study 8 also reported unintentional injuries to be the most common cause of death in this patient group; however, of 107 deaths, information on cause was available for only 79 cases.
Findings from our study emphasize the importance of clinicians prioritizing the prevention of risk factors for injury-caused premature deaths in patients with ADHD, rather than compounding the stigma associated frequently with ADHD. 27 Several studies have supported the evidence that ADHD medication can effectively reduce the risk of physical injury, 28 fracture, 24 traffic crashes, 20 brain injury, 29, 30 and suicide. 31 However, further research is still needed to estimate the potential effect of medication on injury mortality, including earlier identification and treatment initialization. Teaching emotional regulation, providing safety tips, educating on protective gear, and environmental modification may also be helpful. 21
Strengths and Limitations
To our knowledge, this is the first study using a national database to investigate associations between ADHD and different causes of mortality after controlling for associated comorbidities. The population-based cohort design diminished the likelihood of selection bias, beyond issues of access to diagnosis discussed later, and its prospective nature reduced the risk of reverse causality. We were also able to incorporate adjustment for a range of potential confounders. Notwithstanding, several limitations should be borne in mind when drawing inferences from our findings. First, the ADHD cohort was defined from routine health care data by medical diagnosis rather than by structured research-quality clinical interviews; furthermore, it is important to bear in mind that many patients with ADHD will not receive a clinical diagnosis and our findings cannot be assumed to generalize to those with undiagnosed disorder. Second, our study used observational data from the population in Taiwan, and its generalizability to other international settings cannot be assumed. Third, we were not able to consider and analyze the effects of ADHD medications or other potential contributing factors, such as family history and psychosocial stress. 32 Some covariates adjusted for in our analyses would have provided incomplete estimation of underlying parameters of interest (eg, undiagnosed comorbidity not captured in health care records or occurring before the index date and limited measurements of socioeconomic status). For example, ADHD onset was measured by first recorded diagnosis, and the prediagnosis impact of ADHD has to be assumed; in addition, controlling for the baseline covariate of depression might be biasing downward the effect of ADHD if depression served as a mediator of ADHD to suicide. Future exploration of the possible effects of ADHD treatments and consideration of other confounders is required. Fourth, although the present study provided support that the population with ADHD is at risk for higher mortality due to injury causes, it did not reveal what might drive that risk. Further studies are warranted to explore the underlying mechanism.
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Conclusions
This study found that ADHD was associated with higher mortality, particularly increased risk of mortality from injury causes, compared with mortality in a control group without ADHD. The highest excess risk of mortality in the ADHD group was for suicide, even after adjusting for the comorbidities such as depression. The natural-cause mortality was attenuated to near-null values after adjustment for sociodemographic variables and comorbid psychiatric diagnoses. It is imperative to explore the underlying mechanisms of injury deaths in patients with ADHD to help develop effective prevention methods.
